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1. 

POLYCARBONATE/POLYBUTYLENE 
TEREPHTHALATE FILM 

This invention relates to the use of mixtures of aro 
matic polycarbonate and polybutylene terephthalate for 
the production of films. 

If polybutylene terephthalate films are stretched mo 
noaxially, they shrink during heating not only in the 
direction of stretching, but also transversely thereto. 
This undesired property cannot be avoided even by 
thermofixing. 

Surprisingly, it has now been found that stretched 
films may be produced from polycarbonate/polybuty 
lene terephthalate mixtures which, during heating, only 
shrink in the direction of stretching. This means that the 
films are advantageous, for example for the production 
of shrinkage coils and shrinkage capacitors. 

Thus, the present invention relates to the use of mix 
tures of 
A. from 50 to 90% by weight of aromatic polycar 

bonte, and 
B. from 10 to 50% by weight of polybutylene tere 

phthalate 
(in each case based on the total of A and B) for the 
production of films. 

Diphenols which are preferred for the production of 
the aromatic polycarbonates A are compounds corre 
sponding to the formula (I): 

wherein Z represents a divalent mono- or polynuclear 
aromatic radical having from 6 to 30 carbon atoms, and 
is constructed such that each of the two OH groups is 
directly bound to a carbon atom of an aromatic system. 

Particularly preferred diphenols are compounds cor 
responding to the formula (II): 

wherein Y represents a single bond, an alkylene or al 
kylidene radical having from 1 to 7 carbon atoms, a 
cycloalkylene or cycloalkylidene radical having from 5 
to 12 carbon atoms, 

(II) 

HO 

-O-, -S-, -S-, -SO-, or -C-, 

O O 

and nuclear-alkylated and nuclear-halogenated deriva 
tives thereof. 

Examples of the diphenols are: 
hydroquinone, 
resorcinol, 
dihydroxydiphenyls, 
bis-(hydroxyphenyl)-alkanes, 
bis-(hydroxyphenyl)-cycloalkanes, 
bis-(hydroxyphenyl)-sulphides, 
bis-(hydroxyphenyl)-ethers, 
bis-(hydroxyphenyl)-ketones, 
bis-(hydroxyphenyl)-sulphoxides, 
bis-(hydroxyphenyl)-sulphones, and 
a,a'-bis-(hydroxyphenyl)-diisopropylbenzenes, 
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2 
and nuclear-alkylated and nuclear-halogenated deriva 
tives thereof. These and other suitable diphenols are 
described in, for example, U.S. Pat. No. 3,028,365; 
3,275,601; 3,148,172; 3,062,781; 2,991,273; 3,271,367; 
2,999,835; 2,970,131 and 2,999,846; in German Offen 
legungsschrift Nos. 1,570,703; 2,063,050; 2,063,052; 
2,211,956; 2,211,957, in French Pat. No. 1,561,518 and 
in the Monograph by H. Schnell, "Chemistry and Phys 
ics of Polycarbonates', Interscience Publishers, New 
York. 

Preferred diphenols include the following, for exam 
ple: 
4,4'-dihydroxydiphenyl, 
2,4-bis-(4-hydroxyphenyl)-2-methylbutane, 
o,o'-bis(4-hydroxyphenyl)-p-diisopropylbenzene, 
2,2-bis-(3-methyl-4-hydroxyphenyl)-propane, 
2,2-bis-(3-chloro-4-hydroxyphenyl)-propane, 
bis-(3,5-dimethyl-4-hydroxyphenyl)-methane, 
bis-(3,5-dimethyl-4-hydroxyphenyl)-sulphone, 
2,4-bis-(3,5-dimethyl-4-hydroxyphenyl)-2-methylbu 

tane, 
1,1-bis-(3,5-dimethyl-4-hydroxyphenyl)-cyclohexane, 
and 

a,a'-bis-(3,5-dimethyl-4-hydroxyphenyl)-p-diisopropyl 
benzene. 
Diphenols which are particularly preferred include 

the following, for example: 
2,2-bis-(4-hydroxyphenyl)-propane, 
2,2-bis-(3,5-dimethyl-4-hydroxyphenyl)-propane, 
2,2-bis-(3,5-dichloro-4-hydroxyphenyl)-propane, 
2,2-bis-(3,5-dibromo-4-hydroxyphenyl)-propane, and 
1,1-bis-(4-hydroxyphenyl)-cyclohexane. 
Preferred aromatic polycarbonates A are those 

which are based on one or more of the diphenols which 
have been mentioned as being preferred. Copolycar 
bonates are particularly preferred which are based on 
2,2-bis-(4-hydroxyphenyl)-propane and on one of the 
other diphenols which have been mentioned as being 
particularly preferred. Furthermore, polycarbonates A 
are particularly preferred which are based only on 2,2- 
bis-(4-hydroxyphenyl)-propane or 2,2-bis-(3,5-dimeth 
yl-4-hydroxyphenyl)-propane. 
The aromatic polycarbonates A may be produced 

according to known processes, for example according 
to the melt-transesterification process from diphenols 
and diphenylcarbonate, and by the two-phase-interface 
process from diphenols and phosgene, as described in 
the abovementioned literature. 
The aromatic polycarbonates A may be branched by 

the incorporation of small quantities, preferably quanti 
ties of from 0.05 to 2.0 mol % (based on the diphenols 
which are used), of more than difunctional compounds, 
in particular such compounds which have three or more 
than three phenolic hydroxy groups. 

Polycarbonates of this type are described in, for ex 
ample, German Offenlegungsschrift Nos. 1,570,533; 
1,595,762; 2,116,974 and 2,113,347, in British Pat. No. 
1,079,821 in U.S. Pat. No. 3,544,514 and in German 
Offenlegungsschrift No. 2,500,092. 
The aromatic polycarbonates A should usually have 

relative solution viscosities of from 1.16 to i.5, mea 
sured in dichloromethane at 20° C. and in a concentra 
tion of 0.5g of polycarbonate in 100 ml of solution. 
The following are preferably used as chaintermina 

tors for adjusting the molecular weight of the aromatic 
polycarbonates A: phenol, alkylphenols having C1-C12 
alkyl groups, halogenated phenols, hydroxydiphenyls, 
naphthols, chlorocarbonic acid esters of such phenolic 
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compounds and chlorides of aromatic monocarboxylic 
acids which may optionally be substituted by C1-C22 
alkyl groups and halogen atoms, also chlorides of ali 
phatic monocarboxylic acids having up to 25 carbon 
atoms, in quantities of from 0.1 to 10 mol % (in the case 
of phenols, based on diphenols, in the case of acid chlo 
rides, based on acid dichlorides). 

Preferred polybutylene terephthalates B contain at 
least 80, preferably at least 90 mol %, based on the 
dicarboxylic acid component, of terephthalic acid radi 
cals and at least 80, preferably at least 90 mol %, based 
on the diol component, of butanediol-1,4 radicals. 
The preferred polybutylene terephthalates B may 

contain, in addition to terephthalic acid radicals, up to 
20 mol % of radicals of other aromatic dicarboxylic 
acids having from 8 to 14 carbon atoms or aliphatic 
dicarboxylic acids having from 4 to 12 carbon atoms, 
for example radicals of phthalic acid, isophthalic acid, 
napthalene-2,6-dicarboxylic acid, 4,4'-diphenyl-dicar 
boxylic acid, succinic acid, adipic acid, sebacic acid, 
azelaic acid and cyclohexane di-acetic acid. 
The preferred polybutylene terephthalates B may 

contain, in addition to butanediol-1,4 radicals, up to 20 
mol % of radicals of other aliphatic diols having from 2 
to 12 carbon atoms or cycloaliphatic diols having from 
6 to 21 carbon atoms, for example radicals of ethylene 
glycol, propanediol-1,2, propanediol-1,3, 2-ethyl 
propanediol-1,3, neopentylglycol, pentanediol-1,5, hex 
anediol-1,6, cyclohexane-dimethanol-1,4, 3-methylpen 
tanediol-2,4, 2-methylpentanediol-2,4, 2,2,4-trimethyl 
pentanediol-1,3 and -1,6, 2-ethylhexanediol-1,3, 2,2-die 
thylpropanediol-1,3, hexanediol-2,5, 1,4-di-(g-hydrox 
yethoxy)-benzene, 2,2-bis-(4-hydroxycyclohexyl)-pro 
pane, 2,4-dihydroxy-1,1,3,3-tetramethyl-cyclobutane, 
2,2-bis-(3-3-hydroxyethoxy)-propane and 2,2-bis-(4- 
hydroxypropoxy-phenyl)-propane (DE-OS Nos. 
2,407,674; 2,407,776; 2,715,932). 
The polybutylene terephthalates B may be branched 

by incorporating relatively small quantities of tri- or 
tetrahydric alcohols or tri- or tetrabasic carboxylic 
acids, as described in, for example, DE-OS No. 
1,900,270 and in U.S. Pat. No. 3,692,744. Examples of 
preferred branching agents include trimesic acid, tri 
mellitic acid, trimethylol ethane and trimethylol pro 
pane and pentaerythritol. 

It is advisable to use no more than 1 mol % of the 
branching agent, based on the acid component. 

Polybutylene terephthalates B are particularly pre 
ferred which are produced only from terephthalic acid 
and/or reactive derivatives thereof (for example dialkyl 
esters thereof) and butanediol-1,4. 
The polybutylene terephthalates which are prefera 

bly used as component B generally have an intrinsic 
viscosity of from 0.4 to 1.5 dl/g, preferably from 0.5 to 
1.3 dl/g, in particular from 0.6 to 1.2 dll/g, in each case 
measured in phenol/o-dichlorobenzene (1:1 part by 
weight) at 25 C. 
The films may be produced in a known manner from 

the mixtures A-I-B. The thickness of the films is usually 
from 5 to 500 um and preferably from 25 to 100 um. 
They may be stretched in a ratio of from 1:1.5 to 1:4. 

EXAMPLES 

Comparison 
Polybutylene terephthalate having an intrinsic vis 

cosity of 1.20 dl/g, measured in phenol/o-dichloroben 
zene (1:1 part by weight) at 25 C. is melted on a single 
shaft extruder, the melt is extruded through a sheet dye 
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4. 
and is drawn out into a 40 um thick film by means of a 
chill-roll installation. The resulting film is stretched in a 
ratio of 1:2 on a longitudinal stretching installation at a 
temperature of 140 C. 
On heating to 160° C., the film thus obtained exhibits 

a free shrinkage of 30% in the longitudinal direction and 
of 15% in the transverse direction. 

EXAMPLE 1. 

A mixture of 40 parts by weight of polybutylene 
terephthalate having an intrinsic viscosity of 1.20 dl/g, 
measured in phenol/o-dichlorobenzene (1:1 part by 
weight) at 25 C., and 60 parts by weight of bisphenol 
A-polycarbonate having a relative viscosity of 1.30, 
measured in dichloromethane at 20° C. and in a concen 
tration of 0.5g of polycarbonate in 100 ml of solution, is 
processed into a 40 um thick film according to the 
above-described Comparative Example, and is 
stretched in a ratio of 1:2 on a longitudinal stretching 
installation at a temperature of 145 C. 
On heating to 160 C., the film shrinks by 40% in the 

longitudinal direction, whereas the width increases by 
0.2%. 

EXAMPLE 2 

A mixture according to Example 1 of 40 parts by 
weight of polybutylene terephthalate and 60 parts by 
weight of bisphenol-A-polycarbonate is melted on a 
single shaft extruder, the melt is extruded through a 
tubular die and the resulting tube is inflated in diameter 
in a ratio of 1:4. 
The tube is laid flat and wound up in a known manner 

by means of a blowing film draw-off. The draw-off 
speed is adjusted so that the finished film has a thickness 
of 10 um. 
The film tube which is obtained is cut off at the 

pinched edges and the film webs are wound up sepa 
rately. The film web thus obtained is stretched length 
wise in a ratio of 1:3.3 on a longitudinal stretching in 
stallation in the multiple gap stretching process. The 3 
um thick film which is obtained is aluminized under a 
high vacuum at 10 torr. Metal-free zones are obtained 
by cover strips, 4 mm wide. 
The narrow cut rolls which are obtained are wound 

together in pairs into capacitors, the metal-free edges 
lying opposite each other. The winding is heated to 120 
C. to strengthen it. The individual film layers are con 
tacted by spraying on zinc according to the flame 
spraying process. Since the film according to the pres 
ent invention does not shrink in the trasverse direction, 
the film edges are prevented from retracting in this 
thermal shock treatment and are prevented from 
thereby resulting in a short circuit of the individual film 
layers. 

EXAMPLE 3 

25 g/m2 of a self-cross-linking acrylic acid iso-octyl 
ester, dissolved in methyl ethyl ketone, are applied to a 
film which is produced according to Example 1, in a 
coating installation, the solvent of the adhesive is evap 
orated in a drying channel and the film is then wound 
up. 
The self-adhesive film which is cut into strips is 

bonded radially around electrolytic capacitors, the ends 
of the film overlapping by 3 mm. The width of the film 
is selected so that the edges project by 2 mm on each 
side. The electrolytic capacitors thus prepared pass 
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through a hot air channel, the air temperature and the 
passage speed being adjusted such that the film is heated 
to about 150° C. As a result of this thermal treatment, 
the film shrinks firmly onto the housing of the electro 
lytic capacitor, and the projecting edges are positioned 
around the borders so that the housing of the capacitor 
is completely insulated electrically. 
We claim: 
1. A film comprising a mixture of 
A. from 50 to 90% by weight of aromatic polycar 

bonate, and 
B. from 10 to 50% by weight of polybutylene tere 

phthalate the % by weight, being based on the total 
of A and B where after said film is monoaxially 
stretched, then upon heating said film shrinks in the 
direction of stretching, but substantially not trans 
verse thereto. 

2. A film as claimed in claim 1, wherein the aromatic 
polycarbonate has been produced from a diphenol cor 
responding to formula (I): 

HO-Z-OH (I) 

wherein Z represents a divalent mono- or polynuclear 
aromatic radical having from 6 to 30 carbon atoms, and 
is constructed such that each of the two OH groups is 
directly bound to one carbon atom of an aromatic ring. 

3. A film as claimed in claim 2, wherein the diphenol 
corresponds to the formula (II): 
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wherein Y represents a single bond or Y represents, an 
alkylene or alkylidene radical having from 1 to 7 carbon 
atoms, a cycloalkylene or cycloalkylidene radical hav 
ing from 5 to 12 carbon atoms, 

or a nuclear-alkylated or nuclear-halogenated deriva 
tive thereof. 

4. A film as claimed in claim 1 wherein the polybutyl 
ene terephthalate has a dicarboxylic acid component 
and a diol component and wherein the polybutylene 
therephthalate contains at least 80 mol %, based on the 
dicarboxylic acid component, of terephthalic acid radi 
cals and at least 80 mol %, based on the diol component 
of butanediol-1,4 radicals. 

5. A film as claimed in claim 4, wherein the polybu 
tylene terephthalate has been produced only from A 
and B wherein A comprises therephthalic acid, reactive 
derivatives thereof or mixtures thereof and B is 
butanediol-1,4. 

6. A film as claimed in claim 1 which has been mo 
noaxially stretched. 
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